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(54) Name of Invention: Dry-etching Method 
(57) Summary 

Purpose: To etch Si0 2 layers while sustaining a high electivity ratio toward Si 3 N 4 
layers. 


Makeup: With a dry-etching device that can create high-density plasma in which the ion 
density is 10 11 ions/cm 3 or more, one uses a fluorocarbon (FC) gas represented by the 
general formula C x F y (with y equal to or less than x + 2). As the dissociation proceeds to 
a high degree in the gases in such high-density plasmas as ECR plasma and the like, CF + 
is yielded with good efficiency from CeFe gas that could only deposit carbon-system 
polymers with the usual RF plasmas, making it possible to do high-speed etching of 
insulative film 4 between silicon dioxide layers. On the other hand, since the above- 
noted FC gas has a large C/F ratio, it does not produce excessive F + , and high selectivity 
is obtained toward underlying Si 3 N 4 film 3. Conversely, when etching a silicon dioxide 
layer with the Si 3 N 4 layer as a mask, high mask selectivity is obtained. 

Scope of Patent Application 

Application Item 1 : In an etching device capable of producing plasmas of a high- 
density of 10 u ions/cm 3 or more, a dry-etching method characterized by causing the 
production of etching-gas plasmas that are mainly fluorocarbon chemicals expressed in 
the general formula C x F y (with x and y being natural numbers satisfying the relation of y 
being equal to or less than x + 2) and characterized by selectively etching the layer of 
silicon oxide-system material formed on a layer of silicon nitride system material. 

Application Item 2: In an etching device capable of producing plasmas of a high- 
density of 10 11 ions/cm 3 or more, a dry-etching method characterized by producing an 
etching-gas plasma in which a fluorocarbon system compound expressed by the general 
formula C x F y (with x and y being natural numbers satisfying the relation of y being 
equal to or less than x + 2) has as its main component the fluorocarbon compound, and 
characterized by etching layers of silicon oxide material while using as a mask a layer of 
silicon nitride material patterned in a prescribed shape. 

Application Item 3: The dry-etching method described in either of Application Items 1 
or 2, which is characterized by the above-noted fluorocarbon system compound being a 
hexafluorocarbon. 

Detailed Explanation of Invention 

0001 Field for Commercial Utilization: This invention relates to dry-etching methods 
applied in such fields as the manufacture of semiconductor devices, and in particular 
bears on a method of etching while securing a high selectivity rate between layers of 
silicon nitride-system materials and silicon oxide-system materials. 

0002 Usual Technology: For the component materials of interlayer insulating films in 
silicon devices, silicon compound layers are generally used. Among those the most 
widely used is silicon oxide (SiO x , typically with x = 2). At this time, the dry etching of 
SiO x interlayer insulating film is a technique that has matured for application mostly to 
64K DRAM production and even for mass-production lines. 


0003 The above-noted dry etching has from the outset used as its etching gas mainly 
components of such fluorocarbon compounds as CHF 3 and CF4/H2, CF4/O2 or 
C2F6/CHF3 combinations. This is due to such reasons as (a) carbon atoms contained in 
fluorocarbon compounds produce a strong bonding energy between atoms on the surface 
of the SiO x layer and work to break or weaken the Si-0 bond; (b) they can produce CF X * 
(typically, x = 3) the main source for etching Si0 2 layers; and (c) by controlling the C/F 
ratios (the ratio of C and F atoms) in the etching-reaction system it can optimize the 
amount of carbon polymer deposited and attain high selectivity toward resist masks and 
underlying layers. 

0004 What I here call the underlying layers indicates mainly the silicon substrate, poly- 
silicon, polycide [sic] film, etc. 

0005 Silicon nitride (Si x N y , especially when x=3 and y=4) also is an insulating-film 
substance applied in silicon devices. With dry etching of Si x N y layers, too, basically the 
same gas components are applied as in the etching of SiO x layers. However, whereas 
SiO x layers are etched mainly by the mechanism of ion-assist reactions, Si x N y layers are 
etched based on the radical-reaction mechanism making F + the main source of etching; 
and the etching rate are also is faster than with silicon dioxide layers. This can be 
predicted to some degree by the fact that the bonding energy relationships between atoms 
is Si-F (553kcal/mole) > Si-0 bond (465 kJ/mole) > Si-N bond (440kcal/mole). 

0006 Some differences emerge from the calculating methods in the atomic bonding 
energy; but here I am citing data recorded in R.C Weast's "Handbook of Chemistry and 
Physics," 69 th ed. (1988), CRC Press, California. 

0007 Now, among the manufacturing processes for silicon devices there are several 
requiring high-selectivity etching between SiO x and Si x N y layers. For instance, the 
etching of an Si x N y layer on top of an SiO x layer is done under the LOCOS method in 
patterning to define element-separation regions. Under current conditions, where pad 
oxide films (Si0 2 ) for holding Barr's peak [Assumed from Japanese phonetics, Could also be buzz 
peak. -- Translator] lengths to a minimum are made as thin films, the above-noted etching is 
a process requiring particularly high selectivity toward the underlying SiO x layer. 

0008 Also, in recent years, as devices have become tinier and more complex, there are 
increasingly cases in which Si x N y layers are formed as etching-blocker layers in a variety 
of places to prevent etching damage, thus giving rise the need also for highly selective 
etching of SiO x layers on Si x N y layers. For example, to reduce substrate damage when 
over-etching a thin Si x N y layer is interposed on the substrate surface, or a gate-insulating 
film having a so-called ONO structure (SiO x layer/ Si x N y /SiO x layer) is formed. Or, in 
cases when an Si x N y layer is laminated on the surface of a gate electrode, the etching of 
an SiO x layer done on this must be reliably halted. 

0009 And yet, to do highly selective etching between laminated layers of differing 
substances it generally is desirable to have some degree of difference in the atomic- 
bonding energy of both layers. But, with SiO x and Si x N y layers the atomic bonding 


energies of the Si-0 and Si-N are comparatively close, making it intrinsically difficult to 
do highly selective etching between the two. 

0010 Various places have for some time been pushing the development of techniques for 
making selective etching possible. 

0011 We have several reports on techniques for etching Si x N y layers on SiO x layers. For 
instance, this inventor reported in Patent Report Release Sho. 61-142744 a technique for 
using etching gas that combines C0 2 at 30-70% mole ratio with such gases as CH 2 F 2 in 
which the C/F ratio (ratio of carbon and fluorine atoms in a molecule) is small. Gases 
with small C/F ratios can yield CF X + (especially when x=3), the etching element for SiO x 
layers only by re-combination of the F + ; but when a large quantity of CO + is supplied into 
this system and it captures and removes F + in the form of COF, the amount of CF X + 
produced is reduced and the etching rate of the Si0 2 layer declines. On the other hand, 
Si x N y can be etched with F + as the main etching element, so that the etching rate scarcely 
changes even if the CF X + declines due to a large amount of C0 2 introduced. In this way, 
selectivity can be obtained between both layers. 

0012 Also, in "Proceedings of Symposium on Dry Process" 88:7, pp. 86-94 (1987) a 
technique is reported for supplying NF 3 and Cl 2 into a chemical dry-etching device and 
using FC1 formed in that atmosphere by a microwave discharge to etch an Si x N y layer on 
SiO x . Whereas the Si-0 bond includes 55% ion bonding, for the Si-N bond it is 30%, 
making the common [shared] bonding ratio high. I.e., the nature of the chemical bond in 
the Si x N y layer is close to that of the chemical bond (common bond) in monocrystalline 
silicon, and such radicals as the F* and Cl + produced by dissociation from the FC1 do the 
etching. However, since SiO x layers are scarcely etched by these radicals, highly 
selective etching becomes possible. 

0013 Issues the Invention Seeks to Resolve: As discussed above, a number of 
techniques for selective etching of Si x N y layers on SiO x layers have been reported. This 
is natural, in a sense, when one considers the etching rate of both layers. That is because 
with a process that relies mainly on radical reactions, if the SiO x layer is exposed during 
the etching, the etching rate naturally slows down. 

0014 However, there are problems also with the usual technology. For instance, in the 
above-discussed process using FC1, the anisotropic processing is essentially difficult 
because of using the radical reactions. 

0015 On the other hand, because securing selectivity is difficult as compared to the 
reverse case, we have few examples of any reports. That is because even though SiO x 
layers are etched by mechanisms making ion-assisted reactions primary, radicals are 
inevitably created in that reaction system; and at the point when Si x N y becomes exposed 
these radicals raise the etching rate of the underlying layer. 

0016 Quite recently, techniques are being proposed that achieve this using a high-density 
plasma that reduces the amount of radicals produced by using a new plasma source. For 



instance, in "Proceedings of the 43 r Symposium on Semiconductors and Integrated 
Circuit Technology," p. 54 (1992), there is introduced an example of a process that uses 
C 2 F 6 (hexafluoroethane) to etch an Si0 2 layer formed by theTEOS-CVD method on an 
Si3N 4 layer formed by the LPCVD method using an induction-coupled plasma of C 2 H 6 
gas. In high-density plasma, gas dissociation proceeds at a high rate, so that it is thought 
that the C 2 F 6 is nearly all broken down into small CF + ions and that this contributes to the 
etching. Also, carbon atoms in the low C/F ratio fluorocarbon-system polymer deposited 
at this time couple more easily to the atoms in the SiO x than do the nitrogen atoms in the 
Si x N y , so that they are removed at the surface of the SiO x layer but deposit on the Si x N y . 
This is thought to be the mechanism that attains selectivity. 

0017 This technique is rather promising, but falls short in not readily achieving stable 
selectivity. For example, the selectivity ratio in the above-discussed process is reported 
to be very large on the flat areas, but 20 or more in the comers. The scatter of such 
selectivity on the surfaces is considered to be due to the contribution of the F + produced 
as a result of C 2 F 6 dissociation proceeding quickly. So, this invention has the goal of 
providing a method of dry-etching SiO x layers that can secure a stable high selectivity 
ratio for Si x N y layers. 

0018 Means to Resolve the Issue: This invention's dry-etching method is proposed 
after reflecting on the above-described goal and is one which, in an etching device 
capable of creating a plasma with an ion density of 10 n ions/cm 3 or more, selectively 
etches SiO x -system substance layers formed on Si x N y -system substance layers by creating 
etching-gas plasmas that are mainly fluorocarbon-system compounds expressed by the 
general formula C x F y (with x and y being natural numbers and satisfying the relationship 
of y being equal to or less than x+2). 

0019 What I here call high-density plasma is a plasma made by some means or another 
to increase the frequency of collisions between electrons and atoms compared to the 
usual type of plasma. What I mean by the usual type of plasma is that, for instance, 
which is excited by impressing RF power between parallel plate electrodes to cause a 
glow discharge or by supplying microwave to a waveguide. By contrast, high-density 
plasma is that which promotes a high degree of gas dissociation by using electron 
cyclotron resonance based, for instance, on the interaction of microwave fields and 
magnetic fields, or by using microwave propagation modes in a magnetic field, called a 
whistler mode, thus achieving high ion density. 

0020 As concrete examples of plasmas having ion densities of 10 n ions/cm 3 or more, one 
knows of ECR plasma, helicon-wave plasma, ICP (inductively coupled plasma, TCP 
(transformer coupled plasma), holo-anode [Assumed from Japanese phonetics.-Translator] type 
plasma, helical resonator plasma, etc. 

0021 Also, as is evident from the general formula for the above-noted fluorocarbon- 
system compounds, they are unsaturated compounds. Carbon frames of either chain or 
annular form can meet this requisite. However, if the number of carbons is somewhat 
greater and in chain form, it will necessarily have to have structure of multiple over- 



lapping bonds or multiple conjugated bonds, condensed rings, multiple rings, spyro-rings 
or ring collections. 

0022 As examples of fluorocarbon-system compounds meeting such requisites, one can 
cite tetrafluoro-ethylene (C2F4), hexafluorobutadine (C4F 6 ), tetrafluoro-cyclopropane (c- 
C3F4), hexafluoro-cyclo-butane) (c-C 4 F 6 ), hexafluorobenzene (C6F 6 ) 5 octafluoro-cyclo- 
butatriene (c-C 7 F 8 ), octafluoro-bicyclo[2.2.1]-heptadien (C 7 F 8 ), etc. 

0023 This invention also is one that, in an etching device capable of producing plasmas 
of a high-density of 10 n ions/cm 3 or more, produces an etching-gas plasma in which a 
fluorocarbon system compound expressed by the general formula C x F y (with x and y 
being natural numbers satisfying the relation of y being equal to or less than x + 2) has as 
its main component the fluorocarbon compound and does etching of layers of silicon 
oxide material while using as a mask a layer of silicon nitride material patterned in a 
prescribed shape. 

0024 This invention furthermore is one that uses hexafluorobenzene for its above-noted 
fluorocarbon-system compound. 

0025 Effects: When one forms a high-density plasma with an ion density of 10 n ions/ 
cm 3 or more using an etching gas that is mainly a fluorocarbon-system compound, even 
under low pressure in comparison to usual RF plasmas, the fluorocarbon-system 
compound's dissociation proceeds; and large amounts of CF X + (but mostly x^l) are 
produced with good efficiency. While being assisted by this richness of ions, the silicon- 
compound layer is being etched at a practicable rate. 

0026 However, if large amounts of F + are produced along with large amounts of CF X + , 
that will cause selectivity toward the Si x N y layer to drop. So, to keep excessive F + from 
forming in the plasma, in this invention one uses compounds with less C atoms than F 
atoms — i.e., fluorocarbon compounds with molecules whose C/F ratio is large as the 
main components of the etching gas. In the case of this invention, the number of F atoms 
y will at most be twice the number of C atoms x, so that if — to simplify things — one 
thinks of x number of CF + being produced from one molecule, a maximum of two F + will 
be produced. 

0027 With this invention, since one uses such fluorocarbon-system compounds to etch 
SiO x -system layers on Si x N y layers, there is no risk of the exposed surface of the Si x N y 
layer being exposed to high densities of F + . So, that means that high underlying-layer 
selectivity is achieved with respect to the underlying Si x N y layer. This principle holds 
exactly true also when, conversely, one is using an Si x N y layer patterned in a prescribed 
shape as the etching mask for its underlying SiO x layer, achieving high mask selectivity. 

0028 Now, I plan with this invention especially to use hexafluorobenzene (C6F 6 ) as the 
above-noted fluorocarbon compound; because this is stable, easy to handle, has a large 
C/F ratio of 1, etc. There have earlier been tests on using C6F 6 in etching layers of SiO x - 
system material. But, as described for instance in Patent Report Hei. 1-60938, since it 




forms large amounts of CF3 + and CF2* when used alone and interferes with the progress 
of the etching reaction, it has not been practical. In the above-noted Report, because of 
this interference with carbon-system polymers, one resolves the problem by using a gas 
in which CF 4 is admixed 1 : 1 with the C^ 6 . 

0029 However, because with this invention the C6F 6 is dissociated into CF* in the high- 
density plasma, there is no fear of carbon-system polymers accumulating excessively. 
Moreover, even if the bonds between carbon & carbon should all be broken and six CF + 
were produced from each molecule, in theory not a single F + would be produced, and 
high selectivity would obtain with the Si x N y -system layer. Also, from the aspects of 
stability, control, etc., one can call the point that highly selective etching is realized with 
a single-gas system an advantage of this invention. 

0030 Application Examples: Below, I will explain concrete examples of applying this 
invention. 

0031 Application Example 1: This application example is a case of using magnetic- 
field microwave plasma etching with C 6 F 6 gas to open a contact hole by etching an Si0 2 
interlayer insulating film having an underlying SiaN 4 film. I will explain this process 
while referring to Figure 1 . 

0032 As shown in Figure 1(a), one first forms Si3N 4 under-film 3 lOnm thick, for 
instance by PCVD, on silicon substrate 1 on which impurity diffusion region 2 has been 
formed in advance, and then uses CVD at normal pressure to form Si0 2 interlayer- 
insulating film 4 lOOOnm thick. One further applies onto above-noted Si0 2 interlayer 
insulating film 4 the Novolak [Assumed from Japanese phonetics.- Translator] positive photo 
resist TSMR-V3 (commercial name, from Tokyo Oyo Kagaku Co.) and uses i-beam 
lithography and alkali development to form resist mask 5 having 0.35/xm diameter 
opening 6. 

0033 This wafer is set on the wafer-mounting electrode of a magnetic- field microwave 
plasma etching device and, for instance under the conditions listed below, has its SiC>2 
interlayer insulating film 4 etched. 


0034 Here, the CeF 6 dissociation proceeds by applying high microwave power and doing 
an ECR discharge, creating a high-density plasma on the order of an ion density of 10 H 
ions/cm 3 . In the above-noted etching process the etching of Si0 2 interlayer insulating 
film 4 proceeds at a high rate due to the large amount of CF + produced in this high- 
density plasma. Also, even at the point when underlying Si3N 4 film 3 is exposed, high 


C^Fe flow rate: 
Gas pressure: 


20 SCCM 
0.65 Pa 

1500W (2.45GHz) 
200W (800 kHz) 
20° C 


Microwave power: 
RF bias power: 
Wafer-mount temp. 



selectivity toward this film is attained because excessive F* is not produced in the 
plasma. Of course, the selectivity also is good for resist mask 5. 

0035 This etching resulted in contact hole 7 being formed with an anisotropic shape as 
shown in Figure 1(b) without corroding Si x N y under-film 3 exposed on its under surface. 

0036 In this etching process, some accumulation of carbon-system polymer, not 
illustrated, can be seen. This polymer is removed by the combustion effect of oxygen 
atoms sputtered out from the etched region of Si0 2 interlayer insulating film 4; but this 
contributes to protecting the surface of resist mask 5, the sidewalls of contact hole 7 and 
the exposed surface of Si3N 4 under-film 3. 

0037 In any case, however, it does not obstruct the etching progress by accumulating 
large amounts of carbon-system polymer as in the usual case. 

0038 Next, the wafer is transferred to a plasma ashing device, and oxygen-plasma ashing 
is done under the usual conditions, removing resist mask 5 as shown in Figure 1(c). At 
this time the carbon-system polymer, not shown, that contributed to protecting surfaces 
and sidewalls is simultaneously removed. 

0039 Finally, the wafer is immersed in hot phosphoric acid and under-film SisN 4 
exposed at the bottom of contact hole 4a is dissolved and removed, as Figure (d) shows. 
Through the above-noted processes one can form contact hole 7, with a good anisotropic 
shape without damaging impurity diffusion region 2 or causing particle contamination. 

0040 Application Example 2: This application example is one done by using an ICP 
etching device and C 6 F 6 gas to etch Si0 2 interlayer insulating film in the self-aligning 
contact process for forming the connections of a memory node and the gate electrode of a 
TFT for the negative charge of an SRAM. I will explain this process while referring to 
Figure 2. 

0041 Figure 2(a) shows the makeup of the wafer used as an etching sample in this 
application example. This wafer is one on which gate oxide film 13 is formed on silicon 
substrate 1 1 by surface oxidation, and on this are patterned two gate electrodes 16 of the 
driver transistor and Si 3 N 4 etching-stopper layer 17 for protecting these gate electrodes 15 
from a later etching process. The above-noted gate electrodes 16 consist — in order from 
their lowest layer — of polysilicon layer 14 and tungsten silicide (Wsi x ) layer 15 laminated 
with a tungsten polycide film. On both sides of gate electrodes 16, sidewalls 18 of Si0 2 
are formed by an etching process; and impurity diffusion region 12 is formed with an 
LDD structure in silicon substrate 1 1 by two ion injections using above-described gate 
electrodes 16 and sidewalls 18 as a mask. 

0042 Si0 2 interlayer insulating film 19 is deposited, for instance by the CVD method, 
over the entire surface of this wafer, and resist mask 20 is formed in a prescribed pattern 
on top of that. This resist mask 20 covers part of both gate electrodes 16 and has an 


opening 21 at their middle region. Inside this opening 21, SiC>2 interlayer insulating film 
19 is etched as far as the impurity diffusion region to form a contact hole. 

0043 The above-noted wafer is set in an ICP etching device and, as one case, SiC>2 inter- 
layer insulating film 19 is etched under the following conditions: 

C6F 6 flow rate: 20 SCCM 

Gas pressure: 0.65 Pa 

RF source power: 2500W (2 kHz) 

RF bias power: SOW (1 .5 MHz) 

Wafer-mount temp. 0° C 

In this process the etching proceeds on Si02 interlayer insulating film 19 with a CF + 
etching agent from high-density plasma on the order of 10 11 ions/cm 3 created in an ICP 
etching device. As shown in Figure 2(b), the result is that SiC>2 interlayer insulating film 
19 and part of gate SiC>2 film 13 are removed and contact hole 22 is completed, while still 
another sidewall 19a is formed on the previously formed sidewall 18. 

0044 Now, during this etching Si 3 N 4 etching-stopper layer 17 becomes exposed; but — as 
already explained for Application Example 1 — the dissociation of the C^Fe proceeds at a 
high rate and the amount of F + produced in the plasma is small, so that an adequately 
large selectivity is sustained toward Si3N 4 etching-b locker layer 17. Hence, one is able to 
avoid damage to gate electrodes 16 even when etching the high steps of Si0 2 interlayer 
insulating film 19. 

0045 Comparative Example: Here, I will explain, as an example for comparison with 
Application Example 2, a case of using the ICP etching device and C 6 F 6 gas to form self- 
aligning contacts of the same SRAM. First, one sets the same kind of wafer as that 
shown in Figure 2(a) into the ICP etching device and etches Si0 2 interlayer insulating 
film 19 under the following conditions, as one example: 

0046 

C 6 F 6 flow rate: 20 SCCM 

Gas pressure: 0.65 Pa 

RF source power: 2500W (2 kHz) 

RF bias power: SOW (1.8 MHz) 

Wafer-mount temp. 0° C 

0047 In this process, CF + of course is created through high-efficiency dissociation, while 
F + is produced at the same time, reducing the selectivity toward Si3N 4 etching-stopper 
layer 17. As shown in Figure 3, the result is that gate electrodes 16 under the corroded 
Si3N 4 etching-stopper layer 17b also are partially corroded, and the cross-sectional shapes 
of sidewalls 18b and 19b each deteriorated. 


0048 In the foregoing I have explained this invention on the basis of two application 
examples; but this invention is not limited to these examples. For example, with the 



above-discussed application examples I took up the ICP device and ECR plasma as the 
high-density plasma; but one might also use any plasma such as a holo-anode type 
plasma with 10 12 ons/cm 3 , a helicon-wave plasma or TCP that have been reported with an 
ion density on the order of 10 l M0 13 ions/cm 3 . 

0049 Using as the etching gas the fluorocarbon-system compound C x F y also is not 
limited to the above-discussed CeFe, but could consist of any compound that meets the 
condition of y being equal to or less than x + 2, also being capable of existing stably and 
also being easily introduced into the etching chamber in a gaseous state. 

0050 Again, as other processing examples that may be applied there are such ones as the 
etch-back of an SiC>2 interlayer insulating film on a triple-layer gate insulating film 
having an ONO structure ((SiO x / Si x N y /SiO x ). This is a process for forming sidewalls on 
the side surfaces of gate electrodes, and in such case the etch-back can be halted with 
high selectivity on Si 3 N 4 film between the gate insulating films. 

0051 Needless to say, the etching conditions and etching devices can be appropriately 
altered. 

0052 Effectiveness of Invention: As is clear from the above explanations, high C/F- 
ratio fluorocarbon compounds that in the past could not be used because they produced 
too much carbon-system polymer can, with the dry-etching method of this invention, be 
dissociated to a high degree in high-density plasmas by using them as the main 
component of the etching gas. Moreover, such fluorocarbon-system compounds do not 
excessively produce F + under the conditions for discharge dissociation so that it becomes 
possible to achieve selective etching between the Si0 2 material layers and Si x N y material 
layers. 

0053 Consequently, this invention is applicable to the manufacture of semiconductor 
devices that are highly integrated and high function, designed on the basis of minute 
design rules, and so has a very great value in their industry. 

Simple Explanation of Figures 

Figure 1 is a schematic cross-sectional diagram showing in processing order an example 
of applying this invention to contact-hole processing. Shown respectively are (a) the 
situation where a resist mask has been formed on an SiC>2 interlayer insulating film, (b) 
the situation where the etching of the Si0 2 interlayer has stopped at the underlying S x N y , 
(c) the situation where the resist mask has been removed by ashing, and (d) the situation 
where the underlying S3N4 film has been removed by ashing. 

Figure 2 is a schematic cross-sectional diagram showing in processing order an example 
of the process of applying this invention to processing a self-aligning contact. Shown 
respectively are (a) the situation where the Si0 2 interlayer insulating film has been 
formed covering two gate electrodes having an Si x N y etching-stopper layer, and (b) the 
situation where a contact hole has been formed while forming sidewalls. 



Figure 3 is a schematic cross-sectional diagram showing, in a comparative example of an 
SRAM's self-aligning contact, the situation where selectivity toward the Si x N y etching- 
stopper layer has declined and the cross-sectional shape of the gate electrodes and 
sidewalls has deteriorated. 


Explanation of Keying Symbols 


1,11 . 

. . Silicon substrate 

2, 12 . 

. . Impurity diffusion region 

3 

. . Underlying Si3N 4 film 

4, 19 . 

. . Si02 interlayer insulating film 

5,20 . 

. . Resist mask 

6,21 . 

. . Opening 

7,22 . 

. . Contact hole 

13 

. . Gate oxide film 

16 

. . Gate electrode 

17 

. . S13N4 etching-blocker layer 

18, 19 . 

.. Sidewalls 
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e /CHFa E^**, ^^DA-jS^JRfc^SJsft 
«©±#t-rSXy?>^-/fX3fi(lffl^6nT*fc. C 

ttti, (a) 7;p^a*-^>^fl:-&^tc^sn^cil 
c-ote^&s«u s i -ofe^zwmistzKigitbrc 

D"f*flft£j&*a*. (b) S i 0 2 l0±X7f>^i 
Sfc (c) Xy?>4/EffiS(DC/Ftt (Cm^&tF 

[0 0 0 4] fcfc, CCT»3T«»»*fctt. £<hb 



(2) 4$gg¥6-2 7 5 5 6 8 

Ty'j3>S«, #UvU3>JB, #'JWHi9fi!)-> 

[0 0 0 5]-*, Sfc$/»j3>(Si, Ny ;&ICx 
= 3, y = 4) t>yU3>.T/HXt:gffl$n^ 
RimT&£o Si, N y JB©l*7-fX3>y>ifi;:fc, 

a*WK»sio. soxy?->iftR«©j!fxiia*^ 

*^±«:t-r^tS«HJ:DXy5 1 >y^n-50[)i^L, 

si, N y iBttF' s^xy^^ifat-r*?^*;^ 
s i o 2 m& d t>iK tna, H : ?Tfiii8'&x*;u*- 

©*/M8flStfS i-F (5 5 3 k c a J /mo 1 e) > 
S i -0*§-& (4 65kJ/mol)>Si -NiBS^ 
(4 4 0 k c a 1/mo 1 e) TfcfcZltj^Sfc, 

[0 0 0 6] HTWlS'&x^^-oMfcttWfH 
#ftfc*D*T0fi#Hi£j&*> ZZLTttR. C. We a 
s tl "Handbook of Chemistry 
and Physics", 69th ed. (19 
20 8 8^) (CRC P r e s sttfll, *I7P'J^«) 

[0007] tu^T, yv^y-T/wxommxu 

<Dty\z\Z, SiO, ItSh N,Bfc©B8©i«S*ix 
';f>^SI«I83ll^*«. fcfcAtf, S iO 

loco s mz&KTmttmmm&taM~?zrcib<ort 

9-~y{?%f*Vfft)tiZ. ±Exyf>yit A-X- 
fcf-^fiSS/MBfc±*5fci&CAy KKftR (S iO 

2 n) *«»Kfl:^nT^ssttr«, t*os io* m 

[0 0 0 8] a£¥THxAWX(Dmaafc «tt^ 

K^fc&oTSi, Ny |^X7f>y.^-^B 
±t%tz®0^y?y?W±atVT&*l£%iffi\zMl$ t 
Sn*^-X**itATfeO, Si, N y fitSiO, 
JB£Sffl«Xy^>yt-a#Bfc£i;T^*. 

&»ics«©*ffit»^s ix N y w^ftsnr^t 

0> ^JbUDSONO (S i O. H/S i. N y g/S i 

40 5 6fc*svJtty-h«ff©sffiirs ix n, fla* 
fflB3nT^*#&fctt, e:^±TfTt>n^s i Ox a 
OXyf^ttSii N y JiO*HTlWKff±La» 

[0009] iss^n^sa^^gcop^T 
s^K^wtt'&x^^-wttKftseflros^fts^ 

&#a£Hr>. L#>U SiO, fltSi, Ny JB0« 

s i -o*t£ts i -N&£\mTm&&ji*)\s¥ 

50 >yte#KMrtfflj§T&£. 
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(3) 


4$il 5 F6-2 7 5 5 6 8 


[0 0 10] ft%£!)Z.<DM$lXy^>ff&vjmtTZ> 
[0 0 11] S i Ox i±TS i, N, Jl£x 

*KH*ttft£ttHBB6 1 -1 4 2 7 4 44fi« 
fc*^T, C/FJt (»frtOCR?fttFBf»0 
It) #*/J\S^CH a F 2 ^0i)XI;CO2 $30-70 

BBSRLTl^a. C/Ftfc©/JxSV^XttF' OIWB'&K: 
JzoTCD^SiOi g£>X:y3 1 >^ST&<5 C F 
i + (ft.Cx = 3) *4j5ftl/»*A«, ClO^^ficDC 
O* ££I£LTF' £«ffiUTC0F(D^T&£-f3 
i, CF, * ©£JSS**«M>bTS i 0 2 i^x^f> 
^SftjWKTfS. — Six N y liF* £±X^ 

>^f^lTX7f>^fi.OT, co 2 co^Si^in 

fccfcoTCF, ♦ &tfL4>LXhXy7>{f&Bl\*tet/u 

[0012] Proceeding of Sy 

mposium on Dry Process, i8 
8 #7*f, 8 (1 9 8 7¥) \Z\t, ^ 

tf)l ■ H^-fX^^^i/SBfcNFs <hCl 2 
U v-f^n«Oi« I c«fc0a«+fc:**-r'6FC 1 Sffl 
fflbTSiOi ±coSix N y JB£Xy?>ifT*fifl5 
#«ft*nTU*. S i -0«-&tt>f^>j(g'&ttS5 5 
X£tf©fc#U S 1 -N»-&tt3 0«T»0, #£JB 

3T*££) 0<-ftfci6<, FC l36^««t*dStfcF* , 
CP ^(Dyz/tUUZ&QXy^ytfZnZc S 
iOx Jltt^tlS^^^^tcfcoTbetArfXiy^ 

>^an&w>-c, Ka^y^y^fl^fcafow- 

[0 0 13] 

[»M^»*LJ:5frSRH] _tt££> SiO 
ntt, 95?*^SlB^#fr*W«fc«tOS ix Ny 

sxs/^^if-rsiasTtt, ^ts id a^sai-r 
n«^wicx^5 i >^s«fiT'r^)^^TS-5 0 
[0014] iv*u a£*©««tcfcraiatt*5. tt 

*tt±iSOFC 1 SflfflT-S^n-feXTIi. 7yiJM 

So 

[0015] S i x N, Jgfl!>±-es i Ox S£§ 

«X-/^>^*r^S^^o^T«, dCO^co^r-XKit 

irDSiO, HSly?>yLTHTfe, *©K**t 


»cttj»1*7^*^*jGSLT*0, Six N r iftBBib 
tz$$&x £ CD ^ x*;nc J; 0 Tift<z>x y 5 1 >^a***± 

[0 0 16] SifiKfcoT* iRL^X^XvfitDSJHI;: 

Proceedings of the 43rd S 
ymposium on Semiconductor 
s and Integrated Circuits 
10 Technology, p. 54 (199 2) \z\t, 
C2 Hs 1iX<Dmm^^vX^ (ICP=Induc 
tion Coupled Plasma) Sffl^, L 
PCVDfeJCiOritK^ntS ia N4 I^iTTEO 

s-cvDScioM^n^s io. m*Ct f 

\ZMfttZ><DX, Cz F 6 &&£^>^3<D/Jx£^c 
F + «C#flP3ft. C*l3&«X5/?>yfC*4UT^St>© 

fiv^^DA-sR^^g^-o^ocjR^a, si 

x Ny ^ONITFcfcDfcS i Ox tyOOmi-t&fiL^ 

t^ot, s i Ox ■©«H-cttft*atia^ s ix 
n, ±rttJtarr*. cm**, a«n*©»£;*#xXA 

[0 0 17] ^©8*^35:0^*$^ *5£Lfc 
7nizxfc43W-sa#?JtHu ¥S«fc*^T«ilfi*, 3 

^ ©Brt/t5^*tt, c 2 F.©«Hia««flEicaArfc*«s* 

3S9IHU Six Ny Hfc#bT^te»a#JJfcS««T 

Sirt^prtEfeS i Ox «(0H^^Xy9 1 >^i**« 

[0 0 18] 

^t>Wl0 1! >ft>/cm 3 &±<D:/7Xv££ 
J*^t&&Xy?>^K«rtT, -«SC, F, (fc£ 
4? U x, yttSaiftTftO, ySx + 2©W«*««5: 

^Xyf>^.^XOy7XY^$t, Six Ny 
*#»H©±(C»jsSSnfcS 1 Ox 3Rtt»H*a«!ttfc 

xy?>y-rsfc©t?»<5. 

[0 0 19] CCT, K«*^5Xvttt> «*fflO^ 

7Xv(clt^TS^ci:^X|g^Offi??[HlS^ii^-rfced 

50 -f £ntt*tt«LTv>f ^D*tt«ftigc;'ri:tfc±o 
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[0 0 2 0] ^S10>4*>/cm» a±©-f*> 

a.iJ3>«^5Xt, I CP (Inductive 
lyCoupled Plasma), TCP (Tra 
nsformer Coupled Plasma), 
*d--7/-H1!X5Xt, ^U^hfcfiggT^XT 

[0 0 2 1] *fc, ±B7;WD*-#>*ft*«t 

as^si. m x trust, 

[0 0 2 2] *36^Bfr*«i&-r7Jl/^n*-sR>»fl: 
^«©-WtLTtt, rh77MDXfl/> (C 2 F 

4 ) , '\*y-7)],*u79i?x.> (c< f 6 ) , fh7 

7WDy?D^> (C-Cs F 4 ) , 

^-dv^d^7 : -> (C-C4F6 ) , ^\**y-7;^n^ 

>if> (Ce Fe ) , ^^7MDy^D^SU 
X> (c-Cr Fa ) , ^^7WDhv^D [2, 

2, 1] ^^yx> (C; f 8 ) m%mfz>ct&-c 
[0023] *>«fle*n o i w^> 

/cm 3 a±oy5XT**jjEBllBa:Xy?>^8llrt 

-ftSC. F y (&£U x, yttg««Tr*D, 
y^x + 2 0Bffi$»fct. ) -ca^tiS^l^D*- 
^Sft^Wfc^fl^-rSXy?^ • #XC0^XV 

» *«SiSv7?tl/tS10. *tJ»H©Xy? ; > 
[0 0 2 4] »E7J^n*-#>* 
*. 

[0 0 2 5] 

±oK*«^7XTS«d6-r*t, ffijETTt>ae*cDR 

F^XT^i: tt^T 7 P # - # > ^b'frttOMIt 
*fi<±J*-T«. £CDS^fc^*>£7vXh2ft&# 

5. 



(4) 4$ffl¥6-2 7 5 5 6 8 

6 

[0 0 2 6] l^U HO^SOCF, * KffoT^fi 
<2F' ***«T5t, Si, N, m\ZttT*mWBi1Mk 

M<DY* ifi9HgL\slz\i*&o* CK^KJt^TFBHHJt 

Tffl^*. FK^ftyttCIBFflSxfcifc 

lSH^SxflOCF* ***JGjcL&t#A-&t, F* CO 

[0 0 2 7] *f89iT?tt. &fcZ7)]/*U%-tf>&1t 
^fflViTSi, N y I±TSiOx $«mjf£Xy 
?>^-r£CDT> Si, N, JB©BfflffijWlSII&«0F' 

m\zttLxm^TmmR^mi&i$n&t)ftx$>z> 0 ^ 

collate, ^tc^co^JKtc/t^-r:>y$n^S i, 
N y JHS* ^E-coT^S i Or @0Xyf>^-vx^t 

# [0 0 2 8] *58MTtt±E7;U*D*-# 

6 ) sasg-ts**, ^n»4*^tt, A^©eas, c/ 
Fitoffl^i t**^::t***jtLfc*&T**. 

*^eCa F 6 £SiO, ««SKDX7f>^l:ffl^ 

6 0 9 3 8-94i«fcfcE«SnT^SJ:5JC> Z.tiW& 
TttCFs + ^CF 2 + #*afc^|58UT#UV-S» 
SLTISK Xy?>ifE/6(0itff^lH*^nsfc 

30 T-^fi^^m^-r^fcft^, CF< £1 : HOM^T? 
Ce Fe Kfi'&L&itfXSffl^T, COHHSWftbT 

[0 0 2 9] l^U *K9itJ:ntt, C<s F 6 
*— «* W©IS£jW£TB1« LT 1 6 6 <@© C F 

+ 3&**riEL&t-rntf, F*n3w&±ttia«bffej«Ltt 

VidttftO, Six N, »»»Blw»UTK^a«tt 

[0 0 3 0] 

[0 0 3 1] ^asggi 

S^:C 6 F 6 Sis N< TftBS^rss 

i0 2 @K*6&M^Xy5 1 >^LT3>^^ h ■ 

50 39«6ttWf&. 
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(5) 


4$gi¥6-2 7 5 5 6 8 


8 


[0032] sr. HI (a) \z^2nz>&o\z, 
^&®&mmm 2<om^ nrz > u 3 i ±\zit t 

jtttLPCVDftfc<k!5BJSl 0 nmOS I 3 N< Tifi 
1K3&»*U «^T*JECVDffifC«tOB»l 00 0 
nmOS iO* Hn»flK4«»j£Lfc. SSI;:* ±E 

sio 2 Bmtmm4<D±\z\t. j^yyt^vm? 

thl/vXMSMR-V3 (MJ&J&ikTMftM ; m& 

iOjtgO. 3 5 MmOHa»6*Wr-6l/^X h • V 

[0 0 3 3] ^©^xA*3&««v-f ^njft^^Xv • 

LTTB®*fr-CS i0 2 HMIfi»Bl4ftXy^>yi, 
fc. 

Ce Fe «E» 2 0 SCCM 

#Xff 0.6 5 Pa 

1500 W (2. 4 5 GH 

z) 

RF/H7X«/17- 2 0 0 W (8 0 0 kH 
z) ^ 
DxAiMiK 2 0 TC 

[0 0 3 4] ^TH, *€r&V^#D«A7— SSA 
LTECRSW&frSCfcfc.fcD, Ce F 6 OWH^it 

Dsio 2 m?Bmmm4<Dxy^>#&mmzmfTh 
it. ymcDSiz na rmtsifittmhitftjtkT 

Si 3 N4 T«»3»I»LT»3 0©*^a*!tt^ariE ^ 

[0 0 3 5] £<7>Xy^>^<Z>ie*> HI (b) \Z*kZ 

a*. t<D&m\zmth'?z>s i, n, TJfi«3£ai»rs 

[0 0 3 6] fc*5> CC0Xs/^>yaSTtt, Hssn 
#UT-B 1 Si0 2 HW«a«40Xy?>if««"C 

h . 7 ©fflffifficofiW. Sia TJfeK 
[0 0 3 7] Lj&>U ^rniCUT*>fflE*<OJ:-5lC*fi 

[0 0 3 8] ^(C, •JjaS^Xt • 7*yy>^B 
K 01 (c) JCS*n-5«t5lCU^Xh -TX^SS 


[0 0 3 9] 9xAftJRU>8*»«lC«* 

U Hi (d) lc^$n^<i:olc, n>^# F • 

4 acoSffllzffiffiUfcS is N< TJSR 3 L 

&. £U0>:/D-feXiw«kD, 5Ftt«WE«««2fc* r ^- 

[0040] jasw2 

MJUXlCfc^T, Si0 2 »IB«W©X!/^>y 
SICPX?/f>if8BtCi F 6 #X£ffl^Tfrofc 
fi&JTifcSo COyp-kXt H2&#JHbfc#SK9ir 

[0041] *^ifS0iiTxy5 l >^--y->^;i/<hbTffl 

^fc£xAC!>«|jS£* H2 (a) \Z7jk?» ClCOtfxA 

», 5/ u n >s« 1 1 ±\zmmmit\z^ 9 HgtffcBI 

*coy- has 1 6 , h*s 1 6 

g©xy7->ifrt>sffiar£fc»©s is N 4 x^f> 

^>^xf> • ~>uim h (ws i, > hi st^ajs 

s. y-hmui 6 <omti&&ffi\Z\t* S i O2 j&>6&5 
iM FS*-;H 8#Xy^A^ • :/D-feXK:«fcDJB 
$£nT&9, ta^co^-h€Sl 6*±tX-9--f F9* 
-JH 8*TX#ibfc20<O^:t>aAK:J:D, LD 

D«jfi*^rr*^««t**«i 2^i>un>ssi 1 

[0 0 4 2] fcfcAttCVDJS 
KiOSiCb HMIBiRKl 9*«*«Sn, 
±fC 1/yX h • TX^ 2 0 jWffifcOA^— >K*J*Stl 
T^S. ±fBkv f X h • TX^ 2 0 tt, 1 

«2 1S^TbT^S. ^©HP«2 KDrtSBT, SiO 
2 HNttiRRi 9^x^^>^bT^FM®ffiii^f^ 

[0 0 4 3] ±EDzA£ I CPXy^^&glCiry 

hu -«tbrTE©*#T?s io 2 mmmmmi 9 

<OX!y^>^*ffofc. 

Ce Fe SEfi 2 0 SCCM 

^/XiE 0.65 Pa 

RF«KA7- 2 5 00 W (2 kHz) 

RFAM7X-A9- 5 0 W(l. 8 MH 

z) 

^X/NtilffiM o t 
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(6) 


#BI¥6-2 7 5 5 6 8 


10 


F^fg&gSl 9<OXyT>tff)mftl>rZo 02 
(b) i;:^sn£<fc?^ Si0 2 llPBlf&&Bll 9fc<fc 

[0 0 4 4] JKOXy^>^0Jiit>"T?ttS i 

«wi-cfe±jfibifc±5fcC6 f 6 <Dmmi)mmzm/v 

[0 04 5] 


J2(C^f ^itS^^LT, ICPly 
^>^gg<hC 2 Fe^fXSffl^THfiJOSRAMOD-fe 
^77 5^ > • 3>3> 9 bZB&LtcMlZ'O^TWtWt 
S. £t\ H2 (a) K^L&*>©£Hi;£xA£I C 
PXy^^KBJC-feyhU -«tLTTBO*ff"C 

s i o 2 mmtmmi 9*xy?>?i,tz 0 

[0 0 4 6] 

c 2 fb ssa 2 0 sccm 

0. 6 5 Pa 
RF«iB/^7— 2500 W (2 kHz) 

RF/H7X'W- 5 0 W (1. 8 MH 

z) 

•JxAtMSiB* 0 r 

[0 0 4 7] COi&gTfcL C2 F 6 ©SS!l**P«tfc± 

ocf + &b*>z/u&tittrz>ifi* mm\z±&<DF> 
S3tc^$n^>,fc5{c, «Bnsn£s is N4 

Xyf>^Mll 7bOTgffl!lTy-haffil 6&- 
«ai»$n, 1M H£*~;H 8 b, 19b©Kffi»!R 

[0 0 4 8] K±, *55MS2fl©Sglfi«fCfct^T 

5Xv<hLTECR;/7X-?:i3£tfI CP*«(3±H%: 
3 , ^U3>j£;/5Xv^>TCPTtel 0 I2 -1 0 l3 -f 

[0 0 4 9] Xyf>^^X«!:LTfflV^nS7M 
D*— *>*fl;'&ftCx F y fc, ±^©C* Fe 
ft*fc©T»4&<, y£x + 2©*fr*«£11Ht>*;:43 


[0050] $jt, *5EW^affl?riBft«io^o-tx« 

tl/Ttt, ONO (S i Oi /S 1. N T /SIO, ) 
«Hfit*-r*3JHffly--h««±lC*»*S i 0 2 /§ 

w««K©xy^/ty***s*-5. ^nfi y-h®g 
***** xy^Ay^sy-haatRifiw© 

10 [0 0 5 1] Xy?>{fftft, «fl«Xy? 

[0 0 5 2] 

V-©4j5K*^-r*TX!y5 1 >yfctt«ffl"C#^o 

• *a«fc*jsb&vi&6, si Ox *a»jitsi. 

N y ^tt^l^:©W©jl^x^5 1 >^ii5jl^Jt^t>o 
[0 0 5 3] LfctfoT, *KWtt«lfflftx1f-f > • ^ 

[01] *56M*3>^^ h -^-JMlDXtafflL/fc^ 

(a) ttS i O2 mmtffi»±\ZUi?7> h • TX 
^tfiJWKSttifcttJk (b) teS i0 2 JRHtftURax 
y?>^«iSii N y T*»±Tffihl/fctt«, (c) 

ffi, (d) h • *-;PW©s is N< Tiliiffit 

[02] *^HJ^SRAM©-fe;i/77^-f> • H>^£ 

^TSSCW>rfflBIT»0, (a) liSICSi. N y x 
49 y ?>yff±JB6«-TS 2*©y- HffSttBLTS 

io 2 mnmamifimeLitu s&ki/^xk -vx* 
34**i*sn&«ii. (b) aiM F2*-;w^£n 

[B3] SRAM©-tMU77^>- 3>^^ hOtttfc 
59 1,11 • • • S/U3>Sffi 
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(7) 4$gl¥6-2 7 5 5 6 8 




11 


12 

2, 

1 2 

• • • TtEttrttttffiK 

7, 2 2 


3 


• • • S j s N< T&BI 

1 3 


4, 

1 9 

- • • s i 02 mmtmm 

1 6 


5. 

20 


1 7 


6, 

2 1 

• • -BBagB 

18,19 ■ 



ibui m2] 



16 16 
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